Due to the vast consumption of canola oil in the food industry, there is marketable and scientific interest to manipulate seed oil content and the fatty acid composition of Brassica napus L. During seed development, lipids are mainly stored in the form of triacylgylcerols and their production relies on the availability of sucrose produced during photosynthesis. The selective up regulation of enzymes joining in sucrose transport and metabolism, as well as glycolysis, provide carbon pools for the synthesis of fatty acids and ultimately seed oil production. Seed oil accumulation is also influenced by genes involved in embryo and seed development. Recently, emphasis has been directed toward altering fatty acid biosynthesis through the modification of transcription factors including -LEC1 (LEAFY COTYLEDON1), LEC2 (LEAFY COTYLEDON2), FUS3 (FUSCA3), WRI1 (WRINKLED1), and ABI3 (ABSCISIC ACID INSENSITIVE3), which also affect the seed maturation phase of embryo development. These genes interact with each other and play a vital role during embryo and seed development. Improved knowledge of the genetic regulation of seed oil biosynthesis in Arabidopsis and Brassica species, together with current progress in plant genetics and molecular biology, has opened novel research avenues that emphasize the modification of canola oil by manipulating the genetic regulation of fatty acid biosynthesis.
Importance of vegetable oil
The use of plant-based oils in the human diet is a vital part of general health, as the plant oils improve the absorption of energy and nutrients as well assist with many health issues such as stiffness, dry skin and diseases of the nervous system [1, 2] . Antioxidants and vitamin E are naturally present in oils and have been shown to help lower the risk of cancer and heart disease [3, 4] . However, plant-produced oils are not only utilized in human food, as nearly 15 % of plant oil production is used in the development of chemical feed stocks, soaps, lubricants, cosmetics and paints [5] . To reduce the dependence on fossil fuels, plant-based oils have also gained importance as a source of biofuel [6] . Ultimately, the end use of plant-based oil depends upon its fatty acid composition. The fatty acid profile of plant oils is mainly comprised of palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), linolenic (C18:3), arachidic (C20:0), gondoic (C20:1), behenic (C22:0), erucic (C22:1), lignoceric (C24:0) and nervonic (C24:1) acids [7, 8, 9] . The ratio of these fatty acids essentially determines the nutritive value of the oil [10] . For example, higher levels of saturated fatty acids have been associated with heart disease [10] . While linoleic (omega 6) and linolenic (omega 3) acids are desirable [11] and offer various health advantages, such as preventing cardio-vascular disease and high blood pressure by lowering the levels of LDL (low density lipids) [12, 13] . Unfortunately, these are polyunsaturated fatty acids, prone to oxidation and a reduction in the oil shelf-life [11] . Due to these advantages and disadvantages of certain fatty acid compositions, it is necessary to tailor the functional and nutritional qualities of plant-produced oils. In order to accomplish this goal, the control mechanisms need to be better understood and translated to crop species, as the basis of current oil accumulation knowledge has been discovered using the model plant, Arabidopsis thaliana (L.) Heynh. [14, 15, 16] . . C16:0 (palmitic acid), C18:0 (stearic acid), C18:1 (oleic acid), C18:3 (linolenic acid), TAG: (triacylglycerol). Enzymes used in the Kennedy Pathway are highlighted in green. DHAP (Dihydroxyacetone phosphate), G3P (glycerol-3-phosphate), G3PDH (glycerol-3-phosphate acyltransferase), GPAT (glycerol-3-phosphate acyltransferase), LPA (lysophosphatidic acid), LPAAT (Lysophosphatidic acid acyltransferase), PA (phospatidic acid), DAG (diacylglycerol) (DAG), PAP (phosphatidic acid phosphatase). Triacylglycerols (TAGs), DGAT (diacylglycerol acyltransferase). This is a new figure based on information published in [18, 39] .
Seed storage oil accumulation
During seed development, fatty acid biosynthesis occurs in various organelles and is mediated by several metabolic pathways [17, 18] . In developing embryos, lipids are mainly stored in the form of triacylgylcerols [8] . Triacylgylcerols are produced from the esterification of three fatty acids to a glycerol backbone [8] and their production relies on the availability of sucrose produced during photosynthesis [15, 19] . Besides influencing the strength of the sink in various species, an active import and cleavage of sucrose is paramount for a rapid production of triacylgylcerols [19] . Flow of sucrose, which is cleaved into hexoses by sucrose synthases and invertases [19] for lipid synthesis, occurs through two distinct metabolic pathways: glycolysis and the oxidative pentose phosphate pathway (OPPP) [19] . In the glycolyting pathway, sucrose is oxidized to pyruvate through reactions producing ATP [19, 20] . Energy in the form of nicotinamide adenine dinucleotide phosphate is also generated during the catabolic steps of hexoses occurring in the OPPP [19, 20] . The requirement of both pathways for TAG production has been documented in several species [20, 21] . Fatty acid biosynthesis is initiated in the plastids by a multi-enzyme complex termed fatty acid synthase (FAS) (Figure 1 ). Acetyl-CoA, a two carbon molecule, is the basic unit of fatty acid synthesis [8] . It is derived from pyruvate [22] and converted to malonyl-CoA by the reaction catalyzed by the enzyme acetyl-CoA carboxylase (ACCase) [18, 23] . ACCase is believed to be the rate limiting step of the de novo fatty acid biosynthesis as it regulates the carbon flux [24] . To enter the fatty acid biosynthetic route, the malonyl group moiety is converted to an acyl carrier protein (ACP) forming malonyl ACP by the activity of malonyl-CoA: acyl carrier protein malonyltransferase [18, 24, 25] . Various condensation reactions can take place between acetyl-CoA and malonyl-thioester [18] , the first reaction, which is catalyzed by 3-ketoacyl-ACP synthase (KAS III), results in to the production of 4:0-ACP [24] . Other condensation reactions are catalyzed by KAS I and KAS II and lead to the production of 16:0-ACP and18:0-ACP, respectively [24, 26] . Every condensation reaction is followed by two reductions and one dehydration reaction resulting in the addition of two carbon molecules to the extending fatty acyl chain [18] . After this, the 18:0-ACP can be desaturated to yield 18:1-ACP, a reaction requiring stearoyl-ACP desaturase [27] . This characterizes the first desaturation event of a long chain acyl group that takes place in the plastid.
Due to these reactions, 16:0-ACP and 18:1-ACP are the major products which are produced by the fatty acid synthase complex. These 16:0-ACP and 18:1-ACP undergo hydrolysis, which is catalyzed by the acyl-ACP thioesterase (Fat) enzyme, and releases free fatty acids from the FAS machinery into the cytoplasm [18, 24, 28] . There are two main forms of acyl-ACP's theioesterases that cleave acyl-ACP: FatA and FatB [29] . FatA normally hydrolyzes 18:1-ACP while 16:0-ACP is hydrolyzed by FatB [29, 18] . The free fatty acids formed are then converted to coenzyme A esters by acyl-CoA synthetases [18] . A major number of these esters are transferred from the cytoplasm to the endoplasmic reticulum for further alterations such as elongation and desaturation [18] .
Fatty acid elongation
In the endoplasmic reticulum, C16 and C18 fatty acids are elongated and/or desaturated to form fatty acids of different structures [18] . Production of fatty acids longer than C18 requires numerous steps taking place in the elongation pathway mediated by endoplasmic reticulum-related fatty acid elongases [18, 30] .
Initially malonyl-CoA and 18:1-CoA are produced in the fatty acid elongation process, which is comprised of four reactions [24, 30] . The first reaction is the condensation of acyl-CoA with malonyl-CoA that uses condensing enzymes (3-ketoacyl-CoA synthases) to produce 3-ketoacyl-CoA [18] . This condensation is followed by a second reaction generating β-hydroxyacyl-CoA by using 3-ketoacyl reductase. The third reaction is the dehydration step, using 3-hydroxyacyl-CoA-dehydrase to generate enyol-CoA [18] . The fourth reaction is the reduction of enoyl-CoA to acyl-CoA using the enzyme enoyl-CoA reductase. All of these four reactions (i.e., condensation, reduction, dehydration and final reduction) lead to the production of long fatty acids, which can be further modified in successive stages [18, 24, 30] .
Fatty acid desaturation
Desaturation, the addition of a double bond in the acyl chain, is in an enzymatic reaction resulting in reduction of a dioxygen molecule to water and producing an unsaturated fatty acid [31] . Polyunsaturated fatty acids in plants are formed by two autonomous pathways with particular enzymes catalyzing the reactions, one in the microsomes or ER and the other in the plastid [32] . In Arabidopsis seeds, the most abundant polyunsaturated fatty acids are linoleic (18:2) and linolenic (18:3) acids [8, 24] . Both of these fatty acids are main membrane components and are vital fatty acids in the human diet [33] . Desaturation of oleic acid (18:1) results in the formation of both linoleic (18:2) and linolenic (18:3) acids [24] . The enzymes, oleate desaturase (FAD2) and linoleate desaturase (FAD3) transform the C18:1-PC to C18:2-PC, and C18:2-PC to C18:3-PC, respectively [24, 30] . The majority of polyunsaturated fatty acids are produced by the activity of oleate desaturase [33] .
TAG (triacylglycerol) biosynthesis
TAGs are seed storage lipids that are stored in specialized organelles called oil bodies that have a phospholipid monolayer and structural proteins mainly composed of oleosins [8, 18, 24, 30] . The exact procedure of oil body production is unknown [15, 24] . However, it is believed that TAGs assemble together within the lipid bilayer initially found within microdomains of the endoplasmic reticulum [24, 34] . Figure 1 summarizes the various components and routes taking part in TAG synthesis, which differ depending upon the fatty acid formed [8] . The interaction among the numerous enzymes and proteins taking part in the regulation of fatty acid biosynthesis is critical for altering the level and composition of seed oil.
TAG formation also takes place inside the endoplasmic reticulum via the Kennedy pathway ( Figure 1 ) [24] . In this pathway, the enzyme G3PDH (glycerol-3-phosphate acyltransferase) converts DHAP (dihydroxyacetonephosphate) to G3P (glycerol-3-phosphate) [18, 24] . The enzyme glycerol-3-phosphate acyl transferase (G3PAT) then transforms G3P to lysophosphatidic acid (LPA) [24] , and lysophosphatidic acid acyltransferase (LPAAT) adds an acyl group to the LPA leading to the formation of PA (phosphatidic acid) [18, 24] . Dephosphorylation of PA to DAG (diacylglycerol) takes place with the help of PAP (phosphatidic acid phosphatase) [16, 18] . For the production of TAG, an acyl group is added to the DAG, a step catalyzed by the enzyme diacylglycerol acyltransferase (DGAT) [8, 18, 24] . There are several ways fatty acids can lead to TAG biosynthesis [16] . Some fatty acids can also go through the desaturation process [24] . DAG needs the enzyme CPT (cholinephosphotransferase) to be incorporated into the PC (phosphatidylcholine) pool and the remaining acyl groups are desaturated by FAD (fatty acid desaturase) enzymes [18] . For the production of TAG, DAG needs an acyl group which may also come from fatty acids present in the PC pool, through reactions requiring PDAT (phospholipid: diacylglycerol acyltransferase). This reaction also generates a secondary substrate: LPC (lysophosphatidylcholine) [18] . In the PC (phosphatidylcholine) the hydrolysis of fatty acids can also generate LPC and this reaction is catalyzed by PLA 2 (phospholipase).
Facilitated by LPCAT (lysophosphatidylcholine), LPC can again enter the route of fatty acid desaturation [16, 18] . Fatty acids from the acyl-CoA pool move into the PC pool in a reaction catalyzed by LPCAT (lysophosphatidylcholine acyltransferase) [16, 18] . The fatty acid biosynthesis route is well understood and extensive research has been conducted on various genes encoding for several proteins and enzymes directly regulating fatty acid and TAG synthesis [15] . In spite of regulatory mechanism research, these pathways are not completely understood [35] . Several studies have evaluated the distinct expression of genes taking part in the regulation of seed development [36, 37, 38] . Recently, interest has been directed to manipulating transcription factors, which besides regulating embryo and seed development; influence the level of oil and the FA composition [36, 37] .
The development and economic importance of canola oil
Canola, trademarked by the Canadian oilseed Processors Association, represents cultivars of oilseed rape that produce seed oil with less than 2 % erucic acid, while the meal has less than 30 micromoles glucosinolates per gram [40] . These specific seed oil characteristics are present in varieties of Brassica napus L., B. rapa L. and B. juncea (L.) Czern., that are named 'canola' from Canadian oil low acid [40] . Canola oil is considered one of the healthiest oils as it has nearly 61% monounsaturated fat, 32% polyunsaturated fat, and 7% saturated fat [41] . With the first cultivar registered in Canada in 1974, canola has now become a global oilseed crop. In 2013, the canola production in Canada set a record with 18 million tonnes of production [42] . During 2014-2015, the worldwide production of oilseed rape oil was 26.98 million metric tons [43] . Oilseed rape oil has broad-spectrum utilization as it has excellent nutritional value for human consumption and is also valuable for industrial uses such as cosmetics, biodiesel, lubricants, and paints [16, 44] . In order to meet increasing global demand, the Canola Council of Canada set a target of increasing canola production to 26 million metric tons by 2025 [45] . Increasing seed oil content and yield per unit area of land is therefore of paramount importance in providing sufficient oil for food and other applications. A 1 % increase in the seed oil content of B. napus would constitute an increase in seed yield of approximately 2.3 -2.5 % [46] . Increasing seed oil content would expand the economic value of oilseed rape production and consequently, oil content and fatty acid composition improvements remain a major priority in many breeding programs.
Types of brassica oil
Various types of oilseed rape are used for different end uses due to their unique fatty acid composition. Canola edible oil, as described above, constitutes a major portion of canola oil production in Canada. The remaining canola/rapeseed oil is classified as specialty oils. Canola cultivars having high oleic acid content and high oleic acid content but low in linoleic and linolenic acid content make up the majority of the specialty market due to their improved oxidation resistance and stability during cooking at higher temperature [47] . High Erucic Acid Rapeseed (HEAR) represents cultivars having over 50 % erucic acid in their fatty acid composition. This oil is mainly utilized as an industrial lubricant and slip agent [48] .
Approaches used to improve canola oil
Both conventional and transgenic methods have been used to manipulate canola seed oil. Conventional breeding uses controlled sexual recombination, usually attained by crossing and selfing, followed by selection for desirable traits [49] . This method has been successfully used to manipulate the total seed oil content and fatty acid composition to achieve the various commercial requirements of vegetable oils [50, 51] . Alterations in fatty acid profile have been the result of both natural and induced genetic mutations [44, 49] . Conventional breeding, selection and mutations have all been used to produce conventional canola, specialty canola (low levels of linolenic and saturated fatty acids as well as varieties having high oleic and low linolenic acids) [7, 42, 51] and HEAR. However, due to the limited diversity in canola quality germplasm [52] , it is difficult to use traditional breeding to develop oils with tailored fatty acid compositions [51] . Genetic manipulation has been used extensively to modify fatty acid compositions, and initial attempts were directed towards the alteration of lipid biosynthetic enzymes [51, 53] . Plants over-expressing FatB were used to develop oils containing high levels of caprylic, capric and palmitic acids [54, 55] . Similarly, over-expression of acyl ACP thioesterase (FatA), and suppression of stearoyl-ACP desaturase produced oil with higher levels of stearic acid [7, 51, 56] . By silencing oleate desaturase (FAD2), oils with higher levels of oleic acid were obtained [51, 57] . Success of these transgenic approaches has been affected by various factors that include the insertion number, the location of the transgene in the genome and the stability of the desired trait [51] . While genetic transformation has resulted in some success in modifying fatty acid composition [54, 58, 59] , limitations are encountered during attempts to increase seed oil content [16, 35] . Gene expression variation may contribute to an increased complexity of regulatory networks after polyploidization [60] . In polyploid species, the use of forward and reverse genetics approaches are challenging because each gene is present in several copies. Thus, mutations at single loci are difficult to identify as loss of function of the targeted gene can be masked by the action of the homeologous gene(s) [61] . TILLING (Targeting Induced Local Lesions in Genomes) is a cost-efficient reverse genetics technique that enables direct screening for point mutations in a particular gene of interest [62, 63] . This technique allows for the recognition of mutations in distinct homeologous genes and their introgression into the same line. The phenotype can then be investigated to characterize the roles of the mutated gene [61, 63] . Using TILLING, a diversity of loss-of-function phenotypes can be produced, while occasionally; gain-of-function phenotypes are also formed [61] . In most cases, however, loss of function alleles are formed by missense mutations that do not entirely abolish gene function and result in a partial loss in activity [61] . Due to these advantages, TILLING has been used to produce genetic variation in several polyploidy species including B. napus [64, 65, 66, 67] .
Genome-engineering technologies that accurately transform genome sequence and control gene expression patterns in a site specific fashion has significant potential in plant biotechnology.
Among these technologies, TALEs (Transcription activator-like effectors) and CRISPR (the clustered regularly interspaced palindromic repeats) systems have gained attention as genome-engineering platforms in various eukaryotic species. TALEs have been used with considerable success as a DNA directing module fused to functional domains for various genomic alterations [68, 69, 70] . Besides TALEs, the CRISPR system is the most novel genome-related technique [71] . Using this system, two RNA molecules can be joined as a single guide RNA molecule (gRNA), which then has the ability of regulating the Cas9 protein to a specific target [72, 73] . On the other hand, the simplicity of engineering is escorted by a marked high rate of off-target actions of the enzyme [74, 75] . However, it is also anticipated that an innovative class of DNA or RNA guided nucleases based on the prokaryotic argonaute proteins could be created in the future to overcome the problems of the present editing platforms [76, 77] . The continuous target for all the genome-editing technologies is to increase the accuracy of changes while reducing off target effects to modify a variety of agriculturally important traits [78] .
Gene networks governing seed storage accumulation
Many studies, mainly in Arabidopsis, have demonstrated the importance of a set of transcription factors [79, 80, 81] and the functions of several of these are discussed below.
LEAFY COTYLEDON1 (LEC1)
LEAFY COTYLEDON1 (LEC1) is expressed during the entire course of embryogenesis [82] . LEC1 encodes the HAP3 subunit (CBF, also known as NF-Y) that has been found in the CCAAT binding factor [83, 84, 85] . The HAP3 subunits consist of three domains (A, B, and C domains) with the B domain being conserved during eukaryotic cell evolution [86] . The CBF enables LEC1 to be a precise transcriptional regulator that triggers the expression of downstream genes containing the CCAAT recognition domain [83] . During embryogenesis, LEC1 mutation causes defects in embryo development such as abnormal suspensor and defective cotyledon morphology [83, 86] . Mutant seedlings of lec1 produce trichomes on the cotyledons, indicating that LEC1 regulates cotyledon identity [84] . By altering the auxin and sugar levels, LEC1 critically affects the early stages of embryogenesis [87] . In Arabidopsis, ectopic expression of LEC1 produces embryo-like structures [83, 88] . The ability to form somatic embryos suggests that LEC1 regulates embryogenic competence within cells [83, 88] . By directing morphogenesis and maturation, LEC1 stimulates a cellular environment that induces embryonic growth [88] . Moreover, LEC1 overexpression results in a simultaneous over-expression of 58 % or more of the genes encoding enzymes having a role in the plastidal fatty acid biosynthetic pathway resulting in substantially increased seed oil accumulation [36, 89] . In Arabidopsis, lec1 mutants show a remarkable reduction in seed storage products (i.e. seed oil and protein) [86] , although storage proteins and oleosins were detected in the mutants suggesting that the role of LEC1 may be partly performed by other LEC-like genes. It is accepted that LEC1 regulates the biosynthesis of seed storage protein possibly through FUS3 and ABI3 [90] . Collectively, these findings suggest that LEC1 plays a fundamental role in storage product accumulation during seed maturation.
LEAFY COTYLEDON 2 (LEC2)
LEC2 is a B3 domain transcription factor and is mainly expressed during seed development. The B3 domain targets the promoters of downstream genes having the RY recognition site [91, 92] . Studies by overexpressing or down-regulating LEC2 demonstrate the involvement of this gene during embryogenesis [88, 93, 94] . Leafy cotyledon2 mutant plants have various defects including elongated hypocotyls, altered anthocyanin deposition, and trichomes on the cotyledons [86, 88] . Like LEC1, over-expression of LEC2 stimulates the expression of the genes involved in the synthesis of auxin, which in turn stimulates somatic embryogenesis [91] . However, unlike lec1, lec2 mutant seeds are tolerant to desiccation [86, 91] . These observations suggest that the two genes may not have entirely overlapping functions.
A key function of LEC2 is to initiate the embryogenic program from vegetative tissue [88, 93] , and two mechanisms have been proposed for this effect. In the first mechanism, LEC2 activates ABI3 and FUS3 genes required for the acquisition of embryogenic competence [91] . Expression of LEC2 is also required for the induction of auxin biosynthesis through the activation of YUCCA genes [91] . The LEC2-mediated production of auxin is necessary for the de-differentiation of the vegetative cells and their reprogramming towards the embryogenic pathway [91] . Expression of LEC2 is also required for accumulation of seed storage products [96] . Arabidopsis plants ectopically expressing LEC2 have elevated levels of long chain fatty acids, triacylglycerol, oleosins, 2S and 12S proteins [92, 96] . This function might be due to the ability of LEC2 to regulate WRI1, an important transcription factor inducing genes that encode for enzymes involved in glycolysis and fatty acid biosynthesis [97, 98] .
FUSCA3 (FUS3)
As a member of the B3-domain family, FUS3 identifies and binds to the RY element CATGCA (found in the promoters of several genes) and plays an important role during seed development [92, 99] . Mutation in FUS3 leads to abnormalities such as desiccation intolerance, precocious germination, anthocyanin accumulation in developing seeds, defective hormone synthesis, perception of light and trichome formation in the cotyledon [86, 95, 100] . Arabidopsis and B. napus fus3 mutants have altered accumulation of oil and proteins [86, 100, 39] suggesting a role of this gene in storage product accumulation [101] . The stimulation of 2S albumin and 12S cruciferin synthesis, as well as the transcriptional induction of numerous enzymes participating in fatty acid synthesis such as KAS I, KASII, KASIII, PYRUVATE DEHYDROGENASE, and ACETYL-COA CARBOXYLASE was observed in Arabidopsis over-expressing FUS3 [102] . The function of FUS3 might be related to that of LEC2 as both suppress gibberellin biosynthesis, thus, inhibiting precocious germination [99] .
WRINKLED1 (WRI1)
WRI1 (WRINKLED1) encodes for (AP2/EREB) APETALA2/ethylene-responsive element binding transcription factors [37] . The AP2 domain of this gene is vital for binding to the promoter region of target genes to trigger their expression. By altering the sensitivity of the embryos to abscisic acid, WRI1 affects the capability of the developing embryos to sense sugar [103] . WRI1 has an important role in seed oil storage as it affects the expression of enzymes involved in glycolysis that effect the ability of the developing embryo to competently yield and convert sucrose into the preliminary metabolites needed for fatty acid biosynthesis [20, 92, 104] . Studies of wri1 mutant plants show that this gene is involved in carbohydrate metabolism and produces wrinkled seed coat with 80 % reduced total seed oil [97] . Additionally, ectopic expression of WRI1 leads to the production of triacyglycerols in growing seedlings and also a 10 % to 40 % increase in seed oil content [37, 104] .
ABA INSENSITIVE3 (ABI3)
The ABI3 (ABA insensitive3) gene is a B3 binding domain transcription factor [92, 105] . Expressed in developing seeds, ABI3 closely interacts with LEC2 and FUS3 [92, 105] . ABI3 mutation leads to various abnormalities during the last stages of embryogenesis resulting in the lack of dormancy and desiccation intolerance [106, 107] . During seed development, overexpression of ABI3 enhances the expression of the genes involved in the synthesis of storage proteins [108] in a similar fashion to that noted following the over-expression of FUS3 [102] . It is postulated that FUS3 triggers the expression of ABI3 [108] , an observation suggestive that the two genes participate in a similar pathway.
From the description of some of the key genes involved in embryogenesis and seed development two general points are apparent. The first, is that genes required for embryo morphogenesis also influence the deposition of storage products, thus, denoting that the two events are linked by common molecular mechanisms. Secondly, genes participating in seed storage, such as LEC1, LEC2, ABI3, FUS3 and WRI1 often interact with each other sharing common regulatory mechanisms (Figure 2 ).
Conclusions
The worldwide requirement for plant-produced oils is increasing steadily. Brassica oils have broad-spectrum utilization as they can have excellent nutritional value for human consumption, as well as value for industrial uses. Increasing seed oil content and yield per unit area of land is therefore of paramount importance in providing sufficient oil for food and other applications. Various conventional, transgenic approaches as well next-generation mTALENs and modified forms of the CRISPR/Cas9 system can be used to modify plant-produced oils for several usages. It is thought that genes involved in the regulation of embryo and seed development also affect the production and accumulation of oil in seed.
Based on the studies in the model plant Arabidopsis, transcription factors including, LEC1 (LEAFY COTYLEDON1), LEC2 (LEAFY COTYLEDON2), FUS3 (FUSCA3), WRI1 (WRINKLED1), and ABI3 (ABSCISIC ACID INSENSITIVE3), which also affect the seed maturation phase of embryo development can be used to redirect the biosynthesis of fatty acids in seeds of B. napus.
Author contributions
NE, RWD, and CS developed and wrote the review. [24, 92, 109] .
